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@ Method and device for monitoring a railway traction system with individually-driven independent

wheels.

@) A method and a device according to such meth-
od for monitoring a railway traction system compris-
ing monitoring means, controlled by a manual or
automatic drive system, controlling and coordinating
a plurality of individually driven wheels disposed in
opposing coaxial pairs on either side of the vehicle.
The method comprises, for sach pair of coaxial
wheels of said plurality, the steps of cyclically mea-
suring representative quantities of the mechanical
torque temporarily developed by the motors, com-
paring such quantities and disconnecting both mo-
fors from the electric power supply whenever the
result of the comparison shows a difference greater
than a previously established value. The method
advantageously also comprises, for each motor, the
further steps of cyclically memorizing the temporary
value of a parameter of the motor, commanding a
variation of such parameter by a small pre-estab-
lished quantity, calculating the value that such con-
trolled parameter should reach as a result of such
variation, comparing the resuit of the calculation with
the effective value reached and disconnecting the
power supply to the motor whenever the result of
such comparison is not equal to or less than a pre-
established gquantity.

The device according to the method comprises
a general monitoring system which through lines of
communication (12) communicates with actuating
devices (13), one for each motor-driven wheel. The
individual actuating device (13) comprises a local
monitoring device (14) connected, for the exchange

of control and information signals, to a power system
(15) operating an electric motor (16) whose driving
shaft is connected, by means of a mechanical reduc-
tion unit (18), to a traction wheel (19). Moreovet, the
motor shaft is also kinematically connected fo a
tachymetric indicator (17), which transmits fo the
local monitoring device (14) a feedback signal pro-
portional to the speed of the motor.
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In the field of rail transportation, vehicles have
been proposed in which the wheels on either side
are not interconnected by axles, each pair of op-
posing driving wheels being provided with two mo-
tors, one for each wheel, so as to eliminate the
need for coupling axles between opposing pairs of
wheels on either side of the vehicle, resulting in
obvious advantages including the possibility of
lowering the floor of the vehicle and reducing its
main section, thereby making it possible, for exam-
ple, to limit the amount of excavation when, digging
tunnels and in general making dimensional restric-
tions more flexible during planning. One of the
problems in this kind of vehicle with independently
driven wheels is controlling the plurality of motors,
so that each one plays its part in correctly carrying
out the required functions within the system so as
to prevent any failures from giving rise to unsafe
conditions.

In fact, a traction system with independent mo-
tor drives is characterized by a danger unknown o
conventional type systems, that is to say, with pairs
of driving wheels connected to a drive shaft. In the
case of the conventional system, it is obviously not
possible for two wheels mechanically connected by
the same axle to generate derailing torques with
respect to the axis of rotation of the bogie on which
they are fitted, that is to say, torques which cause
the bogie to deviate from the path set by the rails.
In the case of fully independent wheels, each hav-
ing its own motor, the operating conditions can
only be considered substantially identical to the
conventional case when they are perfectly regular,
that is fo say whenever it is possible to maintain
the torque transmitted by two opposing driving
wheels within reasonably equal limits. In the event
of deteriorated operation, in other words, in the
event of one, or worse still, several mechanisms
going out of order on the same side of a bogie, a
derailing torque is generated which exeris siress
with respect o the axis of rotation of the bogie
counteracted exclusively by the lateral flanges of
the wheels on the lateral surface of the rails. While
this action of the flanges is suitable for driving
vehicles under normal conditions, that is, with a
zero torque on the axis of rotation of the bogis, it is
certainly not suitable when derailing torques deriv-
ing from the tractive efforts or braking of the
wheels are applied under asymmetrical working
conditions. An abnormal situation of this kind is
obviously unacceptable and no traction system in
which there is a possibility of this situation occur-
ring can be put to practical use.

Let us suppose, for example, that a total or
partial failure has occurred in the controlled electric
power supply system of a motor or in the motor
itself (for example a break in one of the motor
windings) causing it to run free, driven by the
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movement of the vehicle. This situation of unbal-
anced traction on the two sides of the vehicle
immediately gives rise to a derailing torque of an
extent directly proportional, within the limits of ad-
herence, to the stresses applied by the wheel-rail
system. The same occurs when a failure in the
power supply device of a motor causes it to run at
an uncontrolled speed, for example, top speed.

In this latter case, the situation can be even
more dangerous. Let us suppose that the vehicle is
moving at a constant speed close to maximum and
that it does so for a certain period of time. A
failure, of the type mentioned previously, which
causes uncontrolled rotation at maximum speed,
therefore remains unnoticed, since the speed of
such motor remains similar to that of the others,
still under control. Now let us go on, for example,
to imagine a braking period, worse still, with a
maximum braking torque: all the motors instantly
slow down except the one running at an uncontrol-
led speed. In this situation, the derailing torques
generated are twice as strong as those generated
by a failure causing one motor to run free, since
the derailing torque is determined by a maximum
tractive and a maximum braking effort. Fracture of
the mechanical parts reacting against the derailing
torque, and in particular the system composed of
the wheel flanges and the railheads, is in this case
highly probable, with the result that the vehicle will
unavoidably run off the rails.

The general scope of this invention is to ob-
viate the aforementioned problems by providing a
railway traction system with independently driven
wheels on either side of the vehicle, comprising a
highly reliable monitoring system which makes it
possible to maintain constant safety conditions,
without danger of derailment, by returning the spe-
cific mechanical stresses within the limits of con-
ventional systems even in the event of failure of the
individual motors and their accessory circuits.

This scope is achieved according to the inven-
tion by providing a method for monitoring a railway
vehicle fraction system comprising monitoring
means controlled by a manual or automatic drive
system conirolling and coordinating a plurality of
individually driven wheels disposed in opposing
coaxial pairs on either side of the vehicle, char-
acterized by the fact of comprising, for each pair of
coaxial wheels of said plurality, the steps of
cyclically measuring, for each motor of the pair, a
representative quantity of the mechanical torque
developed by it at that moment, comparing the
representative quantities thus measured for the two
motors of each coaxial pair of wheels, disconnect-
ing both motors from the electric power supply
whenever the result of the comparison shows a
difference greater than a previously established
value. The method advantageously also comprises,
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for each motor, the further steps of cyclically
memorizing the temporary value of a parameter of
the motor, controlied by the monitoring means,
commanding a variation of such parameter by a
small pre-established quantity, calculating the value
that such controlled parameter should reach as a
result of such variation, comparing the result of the
calculation with the effective value reached and
switching off the power supply to the motor when-
ever the result of such comparison is not equal to
or less than a pre-established quantity.

The application of this method is achieved,
according to the innovatory principles of this inven-
tion, by providing a railway vehicle traction system
comprising monitoring means controiled by a man-
ual or automatic drive system controlling and co-
ordinating a plurality of individually driven wheels
disposed in opposing coaxial pairs on either side of
the vehicle, characterized by the fact of comprising
in combination, for each pair of coaxial wheels of
said plurality, means for measuring, for sach motor
of the pair, a representative quantity of the me-
chanical torque developed by the motor at that
moment, first means for comparing the representa-
tive quantities measured by the measuring means
for the two motors of each coaxial pair of wheels,
said first comparing means controlling switching
means for swiiching off the power supply to both
motors whenever the result of the comparison
shows a difference greater than a previously estab-
lished value.

The system is also advantageously character-
ized by the fact of comprising in combination, for
each motor, activated in cyclic sequence, sensors
for detecting a temporary value of a parameter of
the motor, controlled by the means monitoring the
motors, means for memorizing the value measured
by said sensors, means for automatically com-
manding the variation of such parameter by a small
pre-established quantity, means for calculating the
value that said controlled parameter should reach
as a result of such variation, second means for
comparing the result of the calculation with the
effective value reached and measured again by the
sensors, said second comparing means command-
ing switching means for switching off the power
supply o the motor whenever the result of the
comparison is not equal to or less than a pre-
established quantity.

The innovatory principles of this invention and
itsadvantages with respect to the known technique
will be more clearly evident from the following
desciption of a possible exemplificative embodi-
ment applying such principles, with reference to
the accompanying drawings, in which:

- figure 1 shows a general block diagram of a
traction system made according to the in-
novatory principles of this invention;
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- figure 2 shows a block diagram of an individ-
ual wheel actuator forming part of the system
of figure 1;

- figure 3 shows a first innovatory operating
diagram of the system of figure 1;

- figure 4 shows a second innovatory operating
diagram of the system of figure 1.

With reference to the figures, as shown sche-
matically in figure 1, a monitoring system, generi-
cally indicated by reference 10, comprises, accord-
ing to the invention, a general monitoring system
11 connected, by means of signal communicating
lines 12, to actuating devices 13 for each individ-
ually driven wheel (obviously even in number since
they are disposed in opposing pairs on either side
of the vehicle).

The general monitoring device 11, achieved for
example by means of a microprocessor device
suitably programmed to operate according to the
innovatory principles of the invention as described
further on, is adapted to monitor each individual
actuating device 13, in traction or in braking, in
order to implement the controls of the driver or of
an automatic driving system of known technique
used to drive the vehicle. Moreover, it carries out
the innovatory function, as described further on, of
monitoring the individual actuating devices in order
to prevent the danger of generating derailing tor-
ques as mentioned previously.

As shown in figure 2, each individual actuator
13 is composed of a local monitoring device 14 (for
example in the form of a microprocessor device)
connected, for the exchange of control and in-
formation signals, to a power system 15, for exam-
ple of the switching or inverter type or other suit-
able type, controlling an electric motor 16 whose
drive shaft is connected, by means of a mechanical
reduction unit 18, to a fraction wheel 19. Moreover,
the shaft of the motor is also kinematicaily con-
nected to a tachymetric detector 17, for example a
speedometer dynamo, which sends the local moni-
toring device 14 a feedback signal in relation to the
speed of the motor. Each individual actuator 13 is
assigned to continuously control the operating con-
ditions of its own motor by carrying out the com-
mands transmitted fo it by the general monitoring
device 11, for example so as to reach and maintain
given torque and speed conditions. Each individual
device 13 advantageously measures the current
absorbed by its motor, the working temperatures of
the motor and electronic power devices associated
with it in order to ensure that these values do not
differ from the pre-established values.

In addition to the normal functions of the sys-
tem 10 applying the teachings of automatic feed-
back control systems to ensure stable operating
conditions, the system innovatively carries out fur-
ther monitoring functions, as shown schematically
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in figures 3 and 4, designed to prevent the danger
of generating derailing torques, as mentioned pre-
viously.

In fact, in addition to the normal monitoring
functions aimed at maintaining given torque and
speed conditions, by means of information and
signals exchanged with the individual actuating de-
vices 13, the general monitoring device 11, also by
means of the individual actuating devices 13,
cyclically measures the instantaneous currents ab-
sorbed by each individual motor indicating the
torque provided at that moment, whether it be a
tractive or a regenerative braking torque. As shown
in figure 3, each time it measures the current li
absorbed by one motor i-th and the current li+1
absorbed by the corresponding motor (i+1)-th,
with the motor (i + 1)-th indicating the motor of the
corresponding wheel on the other side of the ve-
hicle opposite the wheel served by the motor i-th,
the general monitoring device calculates whether
the difference li-li+1 is lower in modulus than a
given quantity e pre-established as the maximum
difference acceptable as generating a negligible
derailing torque.

If the difference exceeds said value ¢, the gen-
eral monitoring device sends a signal to switch off
the power supply to the two motors, i and i+1
respectively, thereby preventing the danger of cre-
ating hazardous derailing torques. In fact, a dif-
ference in the currents absorbed by two motors
controlling opposing wheels indicates a difference
in torque and, consequently, the danger of derail-
ment. A difference of this kind can primarily be due
to faulty operation of one of the two motors of the
pair, either because the power supply to it is cut off
causing it to run free, or because it is supplied with
uncontrolled power, for example, maximum power.
A complete shutdown of the motor subjected to
failure and a simultaneous shutdown of the com-
plementary actuator on the other side rebalances
the forces with respect to the axis of rotation of the
bogie, reducing the resultant of the forques applied
to it to a substantially zero value. The decrease in
overall torque transmitted between the wheels and
the rails due to the shutdown of two motors can to
a certain degree be absorbed by the other still
efficient motors and does not deteriorate the per-
formance of the vehicle or at least keeps it within
acceptable limits. Although an operation such as
the one described above effectively prevents the
danger of derailment, this invention, according to a
further innovatory principle, comprises further de-
vices to assure against such dangers.

In fact, as already mentioned previously, if a
vehicle with independently driven wheels is fravel-
ling at a constant speed, any failures capable of
preventing the possibility of varying the speed of
rotation of the motor in question may remain un-
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noticed, and the motor will continue to rotate at the
speed previously set. In order to avoid such haz-
ardous situations and detect in good time any
failures which endanger the possibility of varying
the speed of rotation of the motor, for example a
short circuit in the power devices supplying the
motor with a controlled input voltage, this invention
comprises a second innovatory control mechanism,
schematically illustrated in figure 4.

As can be seen in this figure, the general
monitoring device cyclically makes small test vari-
ations in the quantities commanded by each ac-
tuator and if it detects a failure to carry out the
variation it deactivates the corresponding motor
while the mechanism previously described with ref-
erence fo figure 3 immediately deactivates the
complementary motor thereby preventing the gen-
eration of derailing forces (or, alternatively, both the
motor out of conirol and its complementary motor
can be shut down directly by the conirol device of
figure 5).

For example, as shown in figure 4, after having
detected the current li, the monitoring system
sends a signal to the actuator to decrease the
current flowing through the motor by a given value,
calculates the value li that the current in the motor
should have reached as a result of the command,
measures the effective current li(tt) flowing through
the motor after the command fo vary it and com-
pares the calculated value li with the effective value
li(tt). If it is equal (possibly, less by a small quantity
7 taking into account for example possible mea-
surement errors) it confirms that the actuator is
operating properly. The monitoring device conse-
quently returns the value of the current in the
motor {o the original value li and proceeds to check
the next actuator.ff it is not equal (or if the dif-
ference is greater than said value 7) it means that
the actuator has not carried out the command. For
even greater safety, the monitoring device repeats
the test an "m" number of times and if the vari-
ation is still not made, it completely cuts off the
power supply to the motor of the actuator being
tested.

The aforementioned testing cycle is repeated
cyclically on all the "n" motors in sequence.

The frequency of the test variations must obvi-
ously be kept at a sufficiently high level so as not
to be felt by the mechanical system, which is
affected by relatively high time constants. It will be
clear from the foregoing description that the
scopes of this invention have been achieved. Any
possibility of derailing torques being generated by
defects in a traction system with separate motors
for each traction wheel is eliminated by the innova-
tory device proposed herein. The electric and elec-
tronic circuits of a monitoring system according to
the invention are not described in detail since they
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are easily imaginable by any expert technician,
especially in the light of the foregoing description.

It has been found advantageous to make use of
optic fibres for transmitting remote control signals
between the local and general monitoring devices
so as to obtain immunity fo electromagnetic inter-
ference, which is always considerable in the type
of application described, thus ensuring highly reli-
able operating conditions within constant safety
standards.

The foregoing description of an embodiment
applying the innovatory principles of this invention
is obviously given by way of example in order to
illustrate such innovatory principles and should not
therefore be understood as a limitation to the
sphere of the invention claimed herein.

For example, the quantity under control to de-
termine the torque of each individual motor can
differ from the current absorbed. Likewise, in order
to check the functioning of each individual actuator,
it is possible io carry out a variation test on another
controlled quantity other than the current flowing
through the motors, for example the voltage ap-
plied to them or another of the quantities measur-
able by the particular type of actuator used. Lastly,
the motors can either be of the type operating on
direct current or of the type operating on alternat-
ing current, with the obvious modifications to the
power system 15 in the two cases, as is easily
imaginable by any technician.

Claims

1. Method for monitoring a railway vehicle trac-
tion system comprising monitoring means con-
trolled by a manual or automatic drive system
controlling and coordinating a plurality of in-
dividually driven wheels disposed in opposing
coaxial pairs on either side of the vehicle,
characterized by the fact of comprising, for
egach pair of coaxial wheels of said plurality,
the steps of cyclically measuring, for each
motor of the pair, a representative quantity of
the mechanical torque developed by it at that
moment, comparing the representative quan-
tities thus measured for the two motors of each
coaxial pair of wheels, disconnecting both mo-
tors from the electric power supply whenever
the result of the comparison shows a differ-
ence greater than a previously established val-
ue.

2. Method as claimed in claim 1, characterized
by the fact of comprising, for each motor, the
further steps of cyclically memorizing the tem-
porary value of a parameter of the motor, con-
trolled by the monitoring means of the motors,
commanding a variation of such parameter by
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a small pre-established gquantity, calculating
the value that such controlled parameter
should reach as a result of such variation,
comparing the result of the calculation with the
effective value reached and switching off the
power supply to the motor whenever the resuli
of such comparison is not equal to or less than
a pre-established quantity.

Method as claimed in claim 2, characterized
by the fact of comprising the further step of
switching off the power supply to the other
motor of the pair, in the event of inequality in
the comparison.

Method as claimed in claim 1, characterized
by the fact that the quantity considered as
representative of the mechanical torque of the
motor is the current absorbed by it.

Method as claimed in claim 2, characterized
by the fact that the parameter is the current
absorbed by the motor.

Railway vehicle traction system comprising
monitoring means controlled by a manual or
automatic drive system controlling and coordi-
nating a plurality of individually driven wheels
disposed in opposing coaxial pairs on either
side of the vehicle, characterized by the fact of
comprising in combination, for each pair of
coaxial wheels of said plurality, means for
measuring, for each motor of the pair, a repre-
sentative quaniity of the mechanical torque de-
veloped by the motor at that moment, first
means for comparing the representative quan-
tities measured by the measuring means for
the two motors of each coaxial pair of wheels,
said first comparing means controlling swiich-
ing means for switching off the power supply
to both motors whenever the result of the
comparison shows a difference greater than a
previously established value.

System as claimed in claim 6, characterized
by the fact of comprising in combination, for
each motor, activated in cyclic sequence, sen-
sors for detecting a temporary value of a pa-
rameter of the motor, controlled by the means
monitoring the motors, means for memorizing
the value measured by said sensors, means
for automatically commanding the variation of
such parameter by a small pre-established
quantity, means for calculating the value that
said conirolled parameter should reach as a
result of such variation, second means for
comparing the result of the calculation with the
effective value reached and measured again
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by the sensors, said second comparing means
actuating switching means for switching off the
power supply to the motor whenever the resuli
of the comparison is not equal to or less than a
pre-established quantity.

System as claimed in claim 7, characterized
by the fact that the comparing means simuita-
neously actuate the switching means for
switching off the power supply to the other
motor of the pair.

System as claimed in claim 6, characterized
by the fact hat the means for measuring the
quantity considered as representative of the
mechanical torque of the motor consist of
means for measuring the current absorbed by
it.

System as claimed in claim 7, characterized
by the fact that the sensors detecting the con-
trolted parameter are sensors which detect the
current absorbed by the motor.

System as claimed in claim 6, characterized
by the fact that the monitoring means com-
prise, for each wheel of said plurality, an ac-
tuating device comprising said measuring
means and a power device connected to the
corresponding motor to supply it with con-
trolled power in order to control the mechanical
torque and the speed of rotation of the motor,
the monitoring means also comprising a gen-
eral monitoring device connected to the actuat-
ing devices by means of control and signal
communication lines, the general monitoring
device comprising said first comparing means.

System as claimed in claims 11 and 7, char-
acterized by the fact that general monitoring
device also comprises the automatic varying
means, The calculating means and the second
comparing means.

System as claimed in claim 11, characterized
by the fact that the communication lines are
achieved by means of optical fibre links.

System as claimed in claim 11, characterized
by the fact that the general monitoring device
is made in the form of a first microprocessor
system.

System as claimed in claim 11, characterized
by the fact that each actuating device is made
in the form of a second microprocessor sys-
tem.
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16. System as claimed in claim 11, characterized

by the fact that each actuating device com-
prises a local monitoring device connected for
the exchange of control and information signals
between said lines and said power system
connected fo the corresponding motor, the
shaft of the motor being kinematically con-
nected to a tachymetric detector which sends
the local monitoring device a feedback signal
in relation to the speed of the motor.
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